ABSTRACT Because mesenchymal stem cells (MSCs) maintain distinct capacities with respect to self-renewal, differentiation ability and immunomodulatory function, they have been highly considered as the therapeutic agents for cell-based clinical application. Of particular, differentiation condition alters characteristics of MSCs, including cellular morphology, expression of gene/protein and cell surface molecule, immunological property and apoptosis. However, the previous results for differentiation-related apoptosis in MSCs have still remained controversial due to varied outcomes. Therefore, the present study aimed to disclose periodical alterations of pro-and anti-apoptosis in MSCs under differentiation inductions. The human dental pulp-derived MSCs (DPMSCs) were differentiated into adipocytes and osteoblasts during early (1 week), middle (2 weeks) and late (3 weeks) stages, and were investigated on their apoptosis-related changes by Annexin V assay, qRT-PCR and western blotting. The ratio of apoptotic cell population was significantly (p < 0.05) elevated during the early to middle stages of differentiations but recovered up to the similar level of undifferentiated state at the late stage of differentiation. In the expression of mRNA and protein, whereas expressions of pro-apoptosis-related makers (BAX and BAK) were not altered in any kind and duration of differentiation inductions, anti-apoptosis marker (BCL2) was significantly (p < 0.05) elevated even at the early stage of differentiations. The recovery of apoptotic cell population at the late stage of differentiation is expected to be associated with the response by elevation of anti-apoptotic molecules. The present study may contribute on understanding for cellular mechanism in differentiation of MSCs and provide background data in clinical application of MSCs in the animal biotechnology to develop effective and safe therapeutic strategy.
INTRODUCTION
Since mesenchymal stem cells (MSCs) can be easily obtained from various adult tissues including adipose tissue (AT-MSCs), bone marrow (BM-MSCs), umbilical cord and dental pulp (DP-MSCs), and maintain distinct capacities with respect to self-renewal, differentiation ability and immunomodulatory function in the inflammation milieu, they have been highly considered as the therapeutic agents for cell-based clinical application (Lee et al., 2015) . Of particular, MSCs under specific culture condition are able to differentiate into various types of mature
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cells in terms of adipocytes, osteoblasts, chondrocytes, myocytes and even non-mesodermal cells such as neurocytes and hepatocytes (Kumar et al., 2012; Lee et al., 2015; Ullah et al., 2018) . In the recent days, it has been well addressed that differentiation induction alters characteristics of MSCs, including cellular morphology, expression of gene/protein and cell surface molecules, telomere length, telomerase activity, immunological property and apoptosis (Parsch et al., 2004; Sun et al., 2006; Liu et al., 2008; Lo Furno et al., 2013; Granéli et al., 2014; Lee et al., 2015) .
Apoptosis is defined as the programmed cell death and occurred due to not only deviation of homeostasis but also normal development of fetal and adult tissues, via three major pathways with regards to mitochondria dependent pathway, endoplasmic reticulum stress pathway and death receptor mediated pathway (Wang et al., 2010; Giansanti et al., 2011) . As aforementioned, differentiation induction is thought to affect on the apoptosis of MSCs.
However, the issue regarding the relation between apoptosis and differentiation of MSCs has remained controversial due to varied results; whereas MSCs under adipogenic and osteogenic conditions exhibited reduction of apoptosis, the differentiated MSCs toward astrocytes and chondrocytes presented elevations of apoptosis (Wang et al., 2010; Oliver et al., 2011; Lo Furno et al., 2013; Yuan et al., 2014) . In addition, while both BM-MSCs and AT-MSCs have been mainly employed in these kinds of studies, the investigation for relation between apoptosis and differentiation in DP-MSCs has not been conducted yet. Because the differentiation of MSCs is highly correlated with various cellular mechanism, it is important to understand the alteration of gene expression by which MSCs differentiation is regulated (Blagosklonny, 2003) .
Therefore, the present study aimed to disclose periodical alterations of pro-and anti-apoptosis of MSCs under condition of differentiation inductions into adipocytes and osteoblasts on a weekly basis up to 3 weeks. The present study may contribute on understanding for cellular mechanism in differentiation of MSCs and provide background data in clinical application of MSCs in the animal biotechnology. 
MATERIALS AND METHODS

Chemicals
Cell isolation and culture
The human dental pulp tissues harvested from the extracted wisdom teeth were collected from Gyeongsang National University Hospital under approved guidelines (GNUH IRB-2012-09-004) after obtaining informed consents from patients. Then DP-MSCs (n = 4) were isolated in accordance with previous article (Ullah et al., 2018 
MSCs-specific molecules expression
The 1 × 10 4 cells were harvested, fixed with 4% parafor- 
Differentiation of MSCs
For the purpose of the present study, MSCs were differentiated into adipocytes and osteoblasts for 1, 2 or 3 weeks following previously described protocols (Lee et al., 2015) . In brief, adipogenic differentiation was induced by using Dulbecco's modified Eagle's medium (DMEM) supplemented with 100 mM indomethacin, 10 mM insulin and 
Apoptosis analysis by Annexin V assay
The populations of live, apoptotic and necrotic cells of 
Apoptosis analysis by quantitative RT-PCR (qRT-PCR)
Total RNAs from Con and differentiated MSCs were extracted using QIA shredder column and RNeasy mini Kit Table 1) were amplified using Rotor Gene Q PCR machine ( 
Apoptosis analysis by western blotting
The 
Statistical analysis
The statistical significance between groups was analyzed by Kruskal-Wallis test with Bonferroni correction using 
RESULTS
Characterization of DP-MSCs
The positive expressions of MSCs-specific cell surface molecules (CD44, CD90 and CD105) and negative expression of CD45 were identified in DP-MSCs, indicating homogenous MSCs population without detectable contamination of hematopoietic cells (Fig. 1A) . During adipogenesis, the formation of lipid droplets stained with Oil red O began to be observed since the early state of differentiation (A1W) and was gradually accumulated in a timedependent manner (adipogenesis in Fig. 1B) . A positive indication of mineral deposition started to be positively revealed from at 2-3 weeks of osteogenic induction (O2W and O3W) (osteogenesis in Fig. 1B ). Therefore, it was confirmed that DP-MSCs were successfully differentiated with showing the morphological and cytochemical changes.
Apoptosis analysis by Annexin V assay
Annexin V assay was conducted to analyze the ratios for live and apoptotic cell population in Con and differentiated DP-MSCs (Fig. 2A) . The ratio for live cell population was significantly (p < 0.05) decreased during the early (A1W and O1W) to middle (A2W and O2W) stages of differentiations in both adipogenesis and osteogenesis, however, the ratio at the late stage of differentiation of both differentiations was recovered up to the similar level of Con (Fig. 2B) . In contrast, the ratio for apoptotic cell population was significantly (p < 0.05) higher in the early (A1W and O1W) to middle (A2W and O2W) stages of differentiations than Con and the late stage of differentiation (A3W and O3W).
Investigation for apoptosis analysis by quantitative RT-PCR (qRT-PCR) and western blotting
The mRNA expression regarding pro-apoptosis and (A) Undifferentiated DP-MSCs were analyzed for expressions of MSCsspecific surface molecules by flow cytometry. The ratios were presented as mean% ± SEM. (B) DP-MSCs were differentiated into adipocytes or osteocytes up to 3 weeks on a weekly basis. Adipogenic differentiations were stained with Oil Red O. Both Von kossa and Alizarin Red S were employed to detect mineral deposits during osteogenesis. 1W, 2W and 3W indicated differentiation for 1 week, 2 weeks and 3 weeks, respectively. Magnification: × 40, Bars: 100 mM.
anti-apoptosis was examined in Con and differentiated DP-MSCs (Fig. 3) . Whereas expressions of pro-apoptosis- (Fig. 4) .
When each band were normalized against ACTB (Fig. 4A ), the expression of BAX or BCL2 was unchanged during both differentiation inductions or was significantly (p < 0.05) up-regulated from the early (A1W and O1W) to late (A3W and O3W) stage of differentiations in comparison with those of Con, respectively (Fig. 4B) . The ratios for live, apoptotic and necrotic cell populations in Con and differentiated DP-MSCs were quantified. The asterisks on the top of bars indicated significant (p < 0.05) differences in comparison with Con. Graphs were presented as mean ± SEM. Bars, which were displayed from the left to the right, showed Con, A1W, A2W, A3W, O1W, O2W and O3W. PI, propidium iodide; Con, undifferentiated DP-MSCs; A1W, A2W and A3W, differentiated MSCs for 1, 2 and 3 weeks into adipocytes; O1W, O2W and O3W, differentiated MSCs for 1, 2 and 3 weeks into osteoblasts. Ullah et al., 2018) . The DP-MSCs in the present study also exhibited these cytochemical changes under differentiation condition in a time-dependent manner (Fig. 1) . In accordance with the previous articles, differentiation induction to MSCs could alter the cytochemistry of cell as well as general characteristics. Differentiated MSCs exhibited the changes of cell surface molecules such as increase of CD10 and CD92, and decrease of CD106 (Liu et al., 2008; Granéli et al., 2014 ). In addition, low level of telomerase activity and shortening of telomere length were observed in differentiated MSCs toward chondrocytes (Parsch et al., 2004) . Likewise, it is important to understand the alteration of characteristics of MSCs after differentiation to develop effective and safe protocol for stem cell application. Here, we focused on investigation of the alteration of apoptosis in MSCs after differentiation and found that differentiated DP-MSCs presented anti-apoptosis-related changes.
DISCUSSION
It has been well addressed that BCL2 family such as BAX and BCL2 can promote or inhibit apoptosis of cells and tissues (Gross et al., 1999) . BAX is the pro-apoptotic member of BCL2 family and induces cell death by acting on the permeability of mitochondrial membrane (Marzo et al., 1998) . The ratio BCL2/BAX determines the apopotosis of cells; when BAX is dominantly expressed, BCL2 as anti-apoptotic member is countered (Oltvai et al., 1993) .
In case of normal status, low or high level of BCL2 expression was observed in immature cells or mature cells in the lymphoid compartment, respectively; in addition, BCL2 expression was elevated during the differentiation of hematopoietic progenitors (Orelio and Dzierzkak, 2007) . Furthermore, undifferentiated BM-MSCs lacked the expression of BCL2 but drastically increased after differentiation (Oliver et al., 2011) . Likewise, DP-MSCs in the present study extensively expressed significantly (p < 0.05) higher BCL2 upon differentiation induction ( Fig. 3 and 4) .
The studies for differentiation-related apoptosis in
MSCs have remained controversial due to varied results, decrease or increase of apoptosis after differentiation. In terms of decreased apoptosis after differentiation of stem cells, differentiated AT-MSCs to adipocytes presented down-regulation of pro-apoptotic proteins including p53, BAX, PTEN (phosphatase and tensin homolog) and PDCD4
(programmed cell death protein 4), and the activation of PI3K/AKT signaling pathway (Lo Furno et al., 2013) . In addition, BM-MSCs revealed increase of anti-apoptotic molecules (BCL2 and BCL-XI) after adipogenesis and osteogenesis (Oliver et al., 2011) . Another report also demonstrated that p53 was down-regulated on adipogenic differentiation of 3T3-L1 pre-adipocytes (Constance et al., The asterisks on the top of bars indicated significant (p < 0.05) differences in comparison with Con. Graphs were presented as mean±SEM. Bars, which were displayed from the left to the right, showed Con, A1W, A2W, A3W, O1W, O2W and O3W. 1996). In addition, up-regulation of BCL2 expression was determined during differentiation of hematopoietic progenitors (Orelio and Dzierzkak, 2007) . In contrast, there have been several reports that differentiation induction in stem cells stimulates apoptosis. Phosphorylated p53 Nterminal, indicating the activation of p53, was found in the late stage of differentiation of 3T3-L1 pre-adipocytes (Inoue et al., 2008) . Chondrogenesis exhibited apoptosis under observation on Annexin V expression, TUNEL staining and lysosomal labeling (Wang et al., 2010) . Furthermore, increased apoptotic rate was also observed by means of 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, flow cytometry and transmission electron microscopy during differentiation of AT-MSCs into astrocytes (Yuan et al., 2014) . In agreement with the former aspects regarding the decrease of apoptosis during differentiation of MSCs, the present study suggested that differentiation inductions of DP-MSCs toward adipocytes and osteoblasts elevated anti-apoptotic molecules (BCL2) with showing recovery of ratio of apoptotic cell population up to normal status ( Fig. 2-4) ; the recovery of popu- we suggest that the pattern of BAX expression can be different during differentiation depending on the source of MSCs, and the type of MSCs should be considered when differentiation-related study is conducted (Lee et al., 2015; Ock et al., 2016a; Ock et al., 2016b ).
In conclusion, the present study investigated differentiation-related apoptosis in DP-MSCs and revealed eleva- 
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